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Abstract: In this paper we present the practical significance of Daubechies wavelets with real data. The 
first section includes the theoretical background based on the Fast Daubechies wavelet transform algorithm. The 
second section comprises the algorithm implementing in Microsoft Excel with VBA and explains the 





The wavelet transforms are considered now a very modern method to be implemented 
in biology and this study represents an attempt into this field. The concept of wavelets can be 
viewed as a synthesis of ideas which originated during the last twenty years in engineering, 
physics and pure mathematics. As a consequence of these interdisciplinary origins, wavelets 
appeal to scientists and engineers of many different backgrounds. 
The fields of applications of wavelets grow because of their attractive properties for 
various purposes. The possibility to construct new wavelets with simplicity is one of the 
characteristics. Broadly defined, a wavelet is simply a wavy function carefully constructed to 
have certain mathematical properties. An entire set of wavelets is constructed from a single 
“mother wavelet” function, and this set provides useful ‘”building block” functions, each 
suitable for a different class of problems [1, 2, 3]. A wavelet transform (WT) decomposes a 
signal (i.e. a sequence of numerical measurements) into several groups (vectors) contain 
information about characteristics of the sequence at different scales. Coefficients at coarse 
scales capture gross and global features while coefficients at fine scales contain local details. 
 
MATERIALS AND METHODS 
 
This paper explains the nature and computation of mathematical wavelets, which 
provide a framework and methods for the analysis of arrays of data. To design fast wavelet 
transform, Daubechies introduced a “basic building bloc”, denoted byϕ . The building block 
function ϕ  doesn’t admit any algebraic formula in terms of elementary mathematical 
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Also, the building block function ϕ  equals zero outside the interval from 0 to 3, so that 
.3or  0 if 0)( ≥≤= rrrϕ  
The functionϕ  serves as the basic building block for its associated wavelet denoted by 
ψ and defined by the following recursion: 
).22()12()2()12()( 3210 +++−+−−= rhrhrhrhr ϕϕϕϕψ Because ,3or  0 if 0)( ≥≤= rrrϕ  on 
obtain .2or  1 if 0)( ≥−≤= rrrψ  Daubechies wavelets can approximate a function f , which 
may represent any signal (i.e. a sequence of numerical measurements), by a combination f~  of 
shifted building blocks ϕ  and waveletsψ . 
Since practical measurements of real phenomena require time and resources, on will 
study only a finite sequence of values, called a sample. For the first, on presents some 
theoretical considerations that focus upon a description of algorithms to calculate the Fast 
Daubechies wavelet transform of a sample. The sample considered must contain a number of 
values equal to an integral power of two, nN 2= , ).,,,,( 122210 −−= nn sssss K  If the number of 
values doesn’n equal to an integral power of two, then it becomes necessary first to shorten or 
extend the sample smoothly to a length equal to a power of two before proceeding with the 
fast wavelet transform. To obtain the periodic extension of the sample it suffices to retain only 
the initial data, one mirror reflection of the data at either end and a yet another reflection 
called a “short reflection”. The number of entries in the short reflection is equal with the 








.1001122210 ,;,,,;,,, −−  
The calculation of coefficients ,,, 120 1−+naa K consists in a weighted average of the 
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ckrarf ψϕ . The superscripts (n-1) 
indicate a frequency lower than the initial coefficients, which can also be relabeled with a 
superscript (n): .:)( k
n
k aa =  The algorithm for the Daubechies wavelet transform results from an 
























 ϕϕϕϕψ  as a change of 
basics with matrix. 
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where each column displays the coefficients expressing the function at the top of the column 
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~ )( ϕ is a linear combination of the columns )( kr −ϕ of the 
matrix 1−ΩD . Consequently, calculating the wavelet transform means to changing from the 























ψ , which reduces to multiplying 






 So, we 
have ( ) .  ,,,,,, )(1D)1(2)1(2)1(1)1(1)1(0)1(0 nnnnnnn acacaca rK −−−−−−− Ω=  Considering the previous formula in 
terms of matrices the first two rows yield the coefficients )1(0



















































Tnnnnn aaaahhhhc −−=−  If 
the initial sample has n2  entries, then any periodic extension has 12 +n  entries which enables 
for 12 1 −−n shifts by two indices each. After 12 1 −−n shifts by two indices, the last block of 
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The algorithm of Daubechies wavelet transform presented previously has been 
implemented in VBA in Microsoft Excel (Fig. 2). The results are displayed in the worksheet 
from Fig. 1. In this way, wavelets coefficients’ calculation was facilitated. Further on it was 
explained the practical significance of wavelets coefficients considering the Fast Daubechies 
Wavelet Transform applied on real data.  
 
RESULTS AND DISCUSSIONS 
 
Because the temperature, as medium parameter, affects plants, animals’ behaviour and 
human activity, directly or indirectly by other medium parameters such as relative humidity, 
air flow, one will investigate a finite sequence of number representing temperature’s values. 
The following sixteen numbers represent semiweekly measurements  of temperature, in 
degrees Celsius, for February 2008 and March 2008 at a fixed location in Cluj-Napoca, 
Romania: 7.73, 8.77, 6.8, 3.85, -0.33, 3.75, 8.77, 10.17, 11.2, 7.75, 8.36, 12.67, 10, 7, 10.27, 
11.13. These data sets were analysed by using the Fast Daubechies Wavelet Transform. 
Having 4216 = observed data gives 4=n . The sequence s contains the initial data and the 
sequences a-Step0 respectively c-Step0, c-Step1, c-Step2, c-Step3, c-Step4 have the result (the 




−na , 7.993126, represents the average temperature for the whole two 
month period. 
The coefficient )5(0
−nc , 1.104851, means that the temperature change by 
1.104851*2=2.209702, an increase of 2.209702oC from March to February. 
The coefficient )4(0
−nc , 1.21385, corresponds to a change of 1.21385*2=2.4277, an 
increase of 2.4277oC from the first two weeks to the last two weeks in  February. The 
coefficient )4(1
−nc , -1.04515, corresponds to a change of (-1.04515)*2=-2.0903oC, a decrease 
of 2.0903oC from the first two weeks to the last two weeks in  March. 
Each of the next four coefficients, 0.538079, -0.05714, -3.54632, -2.87444, represents 
the temperature change over two weeks. The coefficient -0.05714 means that the temperature 
decreased by (-0.05714)*2 = -0.11428oC from the third week to the fourth week of February. 
 The next eight coefficients, -1.20101, -1.59784, -1.45466, -2.39979, -2.04258, 
0.750901, 1.358759, 3.20531 represent a temperature change over one week. The coefficient 
0.750901 means that the temperature changed by 0.750901*2=1.501801oC during the second 
week of March. 
 The coefficients just obtained provide the corresponding approximation formula (1) 
which constitutes an approximation of f , )()(~ rfrf ≈ , with the accuracy of the aproximation 
































































            




























































































































































































































































































































































































































































































































































1. The wavelet transform can be easier and faster applied to study any other finite sequence 
of numbers including random numbers. 
2. The algorithm works for any sequence of size n, where n is a power of two. For any given 
n and sequence s the results of the algorithm will be seen by executing the macro 
“FastDaubechiesWaveletTransform”. 
3. The method used in this paper is based on a frequency analysis and it will be developed in 
order to characterise the other different biological signals. 





















'  Macro that calculates the Fast Daubechies Wavelet coefficients 
Sub FastDaubechiesWaveletTransform() 
    Dim n, idx, k, r As Integer 
    Dim s(), h(), a(), ai(), ci() As Double 
    n = ActiveWorkbook.Worksheets(1).Cells(1, 2) 
    ReDim Preserve s(2 ^ (n + 1) + 2) 
    ReDim Preserve h(4) 
    ' reads the h values from the worksheet 
    For idx = 0 To 3 
      h(idx) = ActiveWorkbook.Worksheets(1).Cells(2, idx + 2) 
    Next 
    ' reads the samples values from the worksheet 
    For idx = 0 To 2 ^ (n + 1) - 1 
      s(idx) = ActiveWorkbook.Worksheets(1).Cells(3, idx + 2) 
    Next 
   s(2 ^ (n + 1)) = s(0) 
     s(2 ^ (n + 1) + 1) = s(1) 
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    ReDim a(2 ^ (n + 1) + 1) 
    For k = 0 To 2 ^ (n + 1) - 1 
      a(k) = 0 
      For r = k + 1 To k + 2 
        a(k) = a(k) + phi(r - k) * s(r) 
      Next 
      ActiveWorkbook.Worksheets(1).Cells(4, k + 2) = a(k) 
    Next 
    a(2 ^ (n + 1)) = a(0) 
    a(2 ^ (n + 1) + 1) = a(1) 
    ReDim Preserve ai(UBound(a)) 
    ReDim Preserve ci(UBound(a)) 
    ' calculates the coefficients of phi, the coefficients of psi and     
    ' displays the results in the worksheet 
    For idx = n To 0 Step -1 
      ai(k) = 0 
    ActiveWorkbook.Worksheets(1).Cells(5 + n - idx, 1) = "a-Step" & (idx) 
    ActiveWorkbook.Worksheets(1).Cells(5 + 2 * n + 2 - idx, 1) = "c-Step" &(idx) 
      For k = 0 To 2 ^ idx - 1 
        ai(k) = h(0) / 2 * a(2 * k) + h(1) / 2 * a(2 * k + 1) + h(2) / 2 * a(2 * 
k + 2) + h(3) / 2 * a(2 * k + 3) 
        ActiveWorkbook.Worksheets(1).Cells(5 + n - idx, k + 2) = ai(k) 
        ci(k) = h(3) / 2 * a(2 * k) - h(2) / 2 * a(2 * k + 1) + h(1) / 2 * a(2 * 
k + 2) - h(0) / 2 * a(2 * k + 3) 
        ActiveWorkbook.Worksheets(1).Cells(5 + 2 * n + 2 - idx, k + 2) = ci(k) 
      Next 
      ai(2 ^ idx) = ai(0) 
      ai(2 ^ idx + 1) = ai(1) 
      ci(2 ^ idx) = ci(0) 
      ci(2 ^ idx + 1) = ci(1) 
      For k = 0 To 2 ^ idx + 1 
        a(k) = ai(k) 
       Next 
    Next 
End Sub 
' Returns the value of the phi function for a given integer value 
Function phi(r As Integer) As Double 
    Dim res As Double 
    If r <= 0 Or r >= 3 Then 
        res = 0 
    End If 
    If r = 1 Then 
        res = (1 + Sqr(3)) / 2 
    End If 
    If r = 2 Then 
        res = (1 - Sqr(3)) / 2 
    End If 
    phi = res 
End Function 
